Background Ethnic minority adolescents, Hispanics in particular, are disproportionately affected by extreme obesity and its associated co-morbidities. Bariatric surgery is one of the few effective treatments for morbid obesity, yet little information about weight outcomes after surgery in this demographic are available. We determined the effectiveness of bariatric surgery in reducing weight and body mass index (BMI) in adolescents, a majority of whom were nonMexican American Hispanic and originated from Central and/or South America and the Caribbean Basin region.
Introduction
The Centers for Disease Control and Prevention (CDC) recently reported that the prevalence of childhood obesity in the USA has stabilized over the past few years, although it remains high among all age, sex, and ethnic groups [1] . However, an estimated 12 % of all US children between 2 and 19 years old fall in the category of morbid obesity (a body mass index [BMI] ≥97th percentile for age and sex) [1] . Moreover, significant differences in obesity prevalence by race/ethnicity were noted. In 2009-2010, 21.2 % of Hispanic children and adolescents were obese compared with 14 % of non-Hispanic white children and adolescents [1] . The authors also found that there was a significant increase in BMI among adolescent males of ages 12 through 19 years from 1999-2000 to 2009-2010 [1] .
Childhood-onset obesity has several short-and long-term health-related consequences, including hypertension, insulin resistance, glucose intolerance, dyslipidemia, and hypertension, which comprise the metabolic syndrome [2, 3] . In turn, these conditions are risk factors for type 2 diabetes and cardiovascular disease in both childhood and adulthood [4] [5] [6] . Childhood overweight has also been associated with orthopedic problems [7] , polycystic ovarian syndrome [8] , non-alcoholic fatty liver disease [9] , as well as anxiety and depression [10] . The majority of these health issues also tend to continue into adulthood [4, 5] . Ethnic minorities are disproportionately affected by virtually all of these conditions and by diabetes and cardiovascular disease in particular.
In recent years, weight loss surgery has become increasingly accepted as an effective method to resolve many of these co-morbidities and is considered to be a reasonable option when other methods of weight loss fail [11] [12] [13] . Current studies suggest that neither pharmacological nor dietary treatment can maintain long-term weight loss in obese adolescents as effectively as weight-loss surgery can [13] [14] [15] . Although bariatric surgery is now accepted for adults as the treatment of choice for recalcitrant morbid obesity, bariatric surgeries in adolescents now account only for approximately 0.73 % of the cases performed in the US, although this rate is expected to rise [16] [17] [18] [19] .
Moreover, studies of bariatric surgery in adolescents have enrolled predominantly non-Hispanic white patients, so there is little outcome data for ethnic minority groups in general and for non-Mexican American Hispanics in particular. Therefore, the aim of this study was to assess the reduction in weight and BMI in a cohort of ethnically diverse, predominantly Hispanic obese adolescents who underwent bariatric surgery.
Methods
We reviewed the medical records of all adolescents of ages 16-to-19 years who underwent bariatric surgery at a solo community-based surgical practice in Miami, FL, USA between 2001 and 2010. Patients were only included in this analysis if they had post-surgery anthropometric data available (71 out of 78 or 91 %) to ensure 100 % follow-up rate. A medical complication was defined by the surgical program as any event which required either an intervention, an increase in hospital stay, a readmission, or an emergency department visit within 30 days. This review included the surgeon's clinic notes as well as a review of the hospital's computer system for ER visits and readmission. All surgeries were performed by one surgeon. This study was approved by the University of Miami Institutional Review Board.
Measures
Data were collected on demographic characteristics (sex, race, and ethnicity), pre-surgical height and weight, BMI, and peri-operative complications. Follow-up weight data were collected between 9 and 15 months after surgery.
A staff nurse measured height and weight during routine clinical visits. Weight was measured to the nearest 0.045 kilograms using a digital scale (Model 5002 Stand-On Scale; Scale Tronix, Inc., White Plains, NY, USA) with the participants wearing light clothing and no shoes. Height was measured to the nearest 0.5 cm using a wall-mounted stadiometer (Ayrton Stadiometer Model S100; Ayrton Corporation, Prior Lake, MN, USA). CDC weight classifications for youth using BMI (defined as weight [kg]/height [m] 2 ) percentile ranges were as follows: underweight (<5th), normal weight (≥5th to <85th), overweight (≥85th to <95th), obese (≥95th), and morbidly obese (≥97th ) [1, 19] . As in adults, BMI is an imperfect indicator of adiposity in children. However, because BMI is nonlinear in children, BMI percentiles and z-scores are used to evaluate weight and anthropometric change and were thus included in this analysis as the primary outcomes [20] .
Surgical Eligibility
All patients were treated at a high-volume multidisciplinary bariatric program overseen by an adult bariatric surgeon (who performs between 250 and 400 bariatric procedures annually). All selected patients met the National Institutes of Health criteria for bariatric surgery [21] [22] [23] . As such, all had either a BMI greater than 35 kg/m 2 with at least one comorbidity (e.g., elevated blood pressure, hypercholesterolemia) or a BMI greater than 40 kg/m 2 . The evaluation and preoperative approach was identical in adolescents and adults with only two exceptions: adolescents were (1) referred to a pediatric endocrinologist for a thorough evaluation to rule out any underlying endocrine disorder and (2) had X-rays taken to evaluate bone maturity to ensure that the child had achieved adult status. All patients obtained medical clearance for surgery from their primary pediatrician. Follow-up information was conveyed to the referring physician on patient-specific post-operative results (e.g., any information on complications, weight loss, co-morbidities, etc.). Patients and their parents received group and individual interdisciplinary education about potential surgical and nonsurgical options, possible outcomes, possible complications, and necessary post-operative lifestyle changes. All patients underwent psychological and nutritional evaluations before surgery. The parents were required to attend the nutritional evaluation with their child.
Statistical Methods
Baseline differences in all demographic variables and BMI were compared via chi-square for categorical variables and t-test for continuous variables. To assess longitudinal change in weight and BMI, separate repeated-measures linear mixed models were fit using the MIXED procedure in SAS Version 9.2 (SAS Institute, Inc., Cary, NC, USA). A linear mixed models approach was used because this analysis technique accommodates data with complex covariance structures and randomly missing data. Age, sex, and ethnicity (Hispanic and non-Hispanic whites only because of an insufficient number of non-Hispanic blacks and those identified as "other") were the covariates considered for potential inclusion into each model. The interactions between time and ethnicity and time and sex were also assessed.
Statistical tests resulting in a probability of 0.05 or less were considered as statistically significant. All data met the assumptions of the tests used to analyze them.
Results
A total of 78 adolescent patients underwent bariatric surgery in the defined timeframe and 71 of these had available data at the 1-year interval after surgery. The majority of the sample were Hispanic (80 %), female (77 %), and underwent gastric bypass surgery (92 %) versus adjustable gastric band (8 %). Mean (SD) age at surgery was 18.3 years (1.04) ( Table 1) .
Mean BMI and weight as well as z-scores and percentile transformations were all significantly lower after surgery for the entire sample (P<0.001; Table 2 ). Whereas none of the children met normal or overweight criteria prior to the surgery, approximately 27 % achieved these categories on follow-up. Thirty-five percent did not have a change in weight category on follow-up (Fig. 1) .
Overall, female and male BMI loss was very similar 1 year after surgery (10. (Table 2 ). When pre-and post-anthropometric measures were compared by type of surgery, gastric bypass surgery showed significantly better weight loss outcomes for all anthropometric measures versus adjustable gastric band surgery (P < 0.05). The mean BMI loss among those who underwent gastric bypass surgery was almost three times that of those who underwent adjustable gastric band procedure (11.3 versus 3.9 kg/m 2 ) ( Table 2) . No peri-operative complications were reported. There were two minor post-operative complications (nausea and vomiting) that resolved with medical management. Three patients developed iron deficiency anemia due to poor compliance with supplements (data not shown on tables).
Discussion
Bariatric surgery provides significant weight loss with minimum complications among multiethnic obese adolescents, Hispanics in particular. Gastric bypass surgery shows significantly greater weight loss outcomes at 1 year after surgery versus the adjustable gastric band procedure. Overall, at 1 year after surgery, the mean BMI among Hispanic patients who underwent gastric bypass was no longer in the obese range according to their age-and sex-adjusted percentiles. Non-Hispanics had a similar positive response to surgery compared to Hispanics. Complications were few and manageable, a very important finding given that this is one of the biggest concerns of performing bariatric surgery in this specific population of patients. These findings indicate that bariatric surgery has the potential to be safe and effective in substantially reducing weight in multiethnic adolescents, a group that is at particularly high risk for obesity-related health consequences, such as diabetes and cardiovascular disease [1, 2] .
National prevalence estimates of morbid obesity (a BMI of ≥40 kg/m 2 ) among US youth continue to increase [1] . Studies have shown that nearly one million adolescents in the US ages 12 to 19 years old, or about 4 % of the population in this age range, have signs and symptoms of 
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a All pre-post differences were statistically significant (P<0.001). Means adjusted by age and sex b
All differences between before and after surgery were statistically significant (P<0.01), except body mass index and weight percentile for male; no significant differences by sex were found. Means were adjusted by age c All differences between before and after surgery were statistically significant (P<0.01), except weight percentile for non-Hispanic, but no significant differences by ethnicity were found. Means were adjusted by age and sex. The non-Hispanic group consisted of nine non-Hispanic whites, three non-Hispanic blacks, and two who were identified as
All pre-post differences were statistically significant (P<0.01), except for BMI and weight z-score and percentiles for adjustable gastric band procedure. Estimated weight (kg) loss was the only variable significantly different by type of surgery (P<0.0001). All changes over time were significantly different by type of surgery (gastric bypass resulted in superior weight loss versus adjustable gastric band procedure). Means were adjusted by age and sex metabolic syndrome, the precursor to type 2 diabetes [2, 24, 25] . Among overweight adolescents, the prevalence is nearly 30 % [24] [25] [26] [27] . Even among children as young as 8 years old, national prevalence estimates of having at least one risk factor for metabolic syndrome range from 2 to 9 %, using either of two age-, sex-, and ethnicity-adjusted definitions, and this prevalence was closely associated with obesity [24] . Currently, there is no standardized clinical protocol to treat metabolic syndrome in youth, yet the above studies clearly document that our nation may be facing a new and younger generation of type 2 diabetics and those with cardiovascular disease as a result of the increasing proportion of obese children and adolescents. Hispanics are at particularly high risk for type 2 diabetes and its complications. Specifically, after adjusting for population age differences, 2004-to-2006 national survey data for people 20 years or older indicate that 10.4 % of Hispanics had a diagnosis of diabetes [28] .
One unique characteristic of our Hispanic patient sample is that they are not only predominantly Hispanic but also all non-Mexican American Hispanic. Most originate from Cuba, Puerto Rico, or countries in Central and South America. Non-Mexican American Hispanics are at high risk for obesity and subsequent metabolic syndrome in other local studies [29] , but there is little published information on their bariatric surgery outcomes. Overall, our results are consistent with others that have reported bariatric surgery outcomes among predominantly non-Hispanic whites and, to a lesser extent, non-Hispanic black adolescents who show significant weight loss after surgery [11, 12] .
Unfortunately, systematic reviews of lifestyle programs addressing changes in diet, exercise, and behavior to promote weight loss have found mostly poor results [10, 30] . A recent meta-analysis that included 17 randomized controlled trials of lifestyle programs showed that adolescents experienced modest weight reduction for up to 12 months but gained weight afterward [10] . Furthermore, results from behavioral weight management programs, usually targeting those adolescents who are either overweight or obese, have reported poor rates of attendance and suboptimal weight reduction for youth with extreme obesity [10, 31] . For extremely obese adolescents, even after 1 year in a welldesigned weight management program, only modest BMI reductions were achieved, and these reductions were particularly less among ethnic minorities.
Our results reaffirm those of other studies [12, 32] showing bariatric surgery to be a safe and effective method to reduce weight and consequent cardiometabolic risk for at least 1 year if other lifestyle change interventions are not successful. It will be particularly important to examine outcomes beyond 1 year after surgery to determine whether positive changes can be maintained.
Finally, our results showing that gastric bypass surgery results in much greater weight loss outcomes versus the adjustable gastric band procedure parallel findings from larger national cohort reports. [33] Specifically, nationally representative data of 890 adolescents ages 11-19 years who underwent bariatric surgery from 2004 to 2010 showed that the overall 1-year mean weight loss for those who underwent gastric bypass surgery was more than twice that of those who underwent adjustable gastric band surgery (48.6 versus 20 kg). Similar results were found for all other anthropometric changes and comparisons over 1 year between surgery types, as is reported here. The main limitation of our study was not having adequate cardiometabolic clinical data to analyze in conjunction with the anthropometric outcome variables. Additionally, the process of reporting post-operative complications may potentially miss patients who were admitted to other hospitals and failed to report such upon follow-up visits to the surgeon.
The major strength of this study was the reporting of a weight loss method among a predominantly Hispanic, nonMexican American patient population, which has remained elusive in the literature, yet this group continues to be disproportionately affected by the current childhood obesity epidemic as well as type 2 diabetes and cardiovascular disease.
Conclusion
On the basis of our results, we believe that the data support the following conclusions: (1) bariatric surgery can reduce weight and BMI irrespective of ethnicity and among Hispanics in particular, (2) complications were few and manageable, a very important finding given that this is one of the biggest concerns of performing bariatric surgery in this specific population of patients, and (3) in private-practice, high-volume adult bariatric program, laparoscopic bariatric surgery can be safely performed in older adolescents with results similar to those in adults.
